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FOREWORD 


John Brian Kennerley was serving as IGS Team Leader in 
Ecuador at the time of his tragic death in a road accident in 1976. 
He had already prepared a preliminary draft of “An Outline of 
the Geology of Ecuador’ which forms the basis of the present 
volume. It has subsequently been revised and completed by his 
friends and colleagues whose help is acknowledged in the text. 


Brian Kennerley joined the Institute in 1966 as a member of the 
Photogeology Unit. He started work on the geological mapping 
of the Loja Province and the Llanganates Area, Ecuador, in 1969 
and for the next two years worked four months in the field each 
year in Ecuador. As a result of the success of this work the 
Ecuadorian Government requested an expansion of geological 
aid and, in February 1972, Brian Kennerley became leader of a 
residential team of five geoscientists and their Ecuadorian 
counterparts and remained in post until his death in 1976. 


The geological aid project which Brian Kennerley initiated will 
come to an end in 1980. It has involved a programme of mineral 
investigation and systematic geological mapping over western 
and central Ecuador. The geological results have been published 
as colour-printed maps at a scale of 1:100000 to a format 
designed by Brian Kennerley and forming the nucleus of an 
Ecuadorian national map series. By the end of the project some 
fifty map sheets have been published. 


The geological maps and the present volume will remain a tribute 
to Brian Kennerley’s services to the British Aid Programme in 
Ecuador and to this Institute 


A. W. Woodland 

Director 

Institute of Geological Sciences 
Exhibition Road 


South Kensington 
London SW7 2DE 


2 May, 1979 
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Outline of the geology of Ecuador 


J. B. KENNERLEY 


ABSTRACT 


The Ecuadorian Andes are composed largely of material of 
Mesozoic age, which in part rests on older ‘basement’ rocks. A 
considerable change in the palaeogeography of the west coast 
of South America occurred in the area of Ecuador during the 
Mesozoic. The Guiana Shield, and to a lesser extent other 
Palaeozoic blocks (including a western ‘foreland’ of unknown 
size), were the main sources of sediment until the end of early 
Cretaceous times. The late Cretaceous saw the development of 
a major north-south volcanic arc which then dominated the 
supply of sediment to the marginal basins of the Costa and 
Sierra. In the belt which now comprises the Cordillera Real 
these volcanic and sedimentary rocks were metamorphosed to 
form the Paute Series, probably during two episodes, the last 
and most important of which occurred during the Eocene 
orogeny. Palaeozoic basement material was incorporated in this 
metamorphism in southern Ecuador (Zamora Series), but it is 
not known to what extent the older metamorphics are 
represented in the Cordillera Real of central and northern 
Ecuador. In early Tertiary times the metamorphic rocks in the 
Cordillera Real also took on an importance in supplying 
detritus to the sedimentary basins. 


From the Oligocene onwards the whole Andean region of 
Ecuador remained as an emergent (land) area, although 
intermittent accumulation of volcanics and sediments took 
place in local basins. Some uplift of the Andes occurred during 
the Eocene Orogeny, but the main uplift is attributed to the 
Andean Event in latest Miocene to early Pliocene times. During 
the Miocene, depression of the coastal area permitted the 
transgression of the sea and the resumption of marine 
sedimentation, while in the Oriente continental sedimentation 
again prevailed. 


The Andean trend appears to have been established in the 
Mesozoic because Mesozoic and younger structures generally 
trend N-S or NNE-SSW, whereas the Palaeozoic trends so far 
recorded are mainly E-W or NE-SW. The N-S trend was 
maintained through the Cenozoic, although to the south-west of 
the Cuenca Basin some folding during the Andean Event was 
on NE-SW axes, probably reflecting the pre-Mesozoic 
directions. In the extreme south-west of Ecuador folded 
Mesozoic rocks (Alamor Group) also trend NE-SW, but here 
the Palaeozoic Tahuin-Amotape basement ridge is again very 
close. 


Bibliographic reference 


During the Mesozoic, the Ecuadorian region of South America 
bordered onto oceanic crust of the Pacific plate system. 
Convergence of the oceanic and continental plates in the 
Cretaceous produced an active volcanic arc in the west. In 
northern and central Ecuador this resulted in the accumulation 
of a thick marine andesitic sequence (Macuchi Formation), 
probably on ocean-floor material, whereas in southern Ecuador 
(and northern Pert) the andesites are continental (Celica 
Formation) and evidently rest on sialic crust. The Cretaceous 
trench may not have been far removed from the present one: 
basic volcanism within the Pifén and Cayo Formations may 
thus have been the oceanward, tholetitic expression of this 
Cretaceous arc, although the Pif6n may represent ocean floor 
material. 


Major changes to the plate system in the Eocene led to the 
initiation of the Eocene Orogeny, which produced an 
olistostromic complex in the present coastal region and 
significant metamorphic effects in the Sierra. During much of 
Mesozoic and Tertiary time subduction could well have been 
oblique to the trend of the arc and continental margin, and this 
could have resulted in important strike-slip faulting. The 
Neogene and younger volcanics of the Ecuadorian Sierra 
suggest that subduction continued in some form. Recent active 
volcanism is restricted mainly to east of the Inter-Andean 
Depression (e.g. Tungurahua and Cotopaxi); the currently 
active volcanoes in the Oriente (Reventador, Sangay) suggest 
that the axis of volcanicity tended to migrate eastwards in late 
Pleistocene and Holocene times. 


Recently-active volcanoes do not occur south of 2°30’S, which 
is the latitude at which the Carnegie Ridge impinges on the 
trench of Ecuador. Barazangi and Isacks (1976) pointed out that 
north of this latitude the Benioff zone dips more steeply than it 
does to the south, and suggested that the presence or absence of 
Quaternary volcanism is related to the dip of the Benioff zone. 
The northern limit of the Huancabamba Deflection, the diffuse 
zone of change from the ‘northern Andes’ to the ‘central 
Andes’ of Peru also lies at about 3°S. Thus, other older and 
more fundamental changes in Andean geology, at about this 
latitude, may also be attributable to the same or related sub- 
crustal features within the overall plate-tectonic development 
of the Pacific margin of South America. 


KENNERLEY J.B. (1980) Outline of the geology of Ecuador. Overseas Geol. & Miner. Resour., No. 55. 


Author 
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INTRODUCTION 


Interest in Andean geology has increased in recent years, 
largely because the region lies along a continental margin 
which makes it suitable for testing plate-tectonic theories. This 
general outline of the geology of Ecuador, summarising the 
results of recent investigations by several workers, including 
the author, establishes a basis for correlation with adjacent 
segments of the Andean Orogen described in Colombia and 
Pert. Emphasis is placed on the Mesozoic-Cenozoic evolution 
of Ecuador, although background information is provided for 
earlier rocks which constitute the basement. 


Ecuador is divided into three very distinct physiographic belts 
— the ‘Costa’, the ‘Sierra’ and the ‘Oriente’ — trending 
approximately north-north-east, parallel to the Andean trend. 
The ‘Costa’, west of the Andes, consists of a narrow coastal 
plain south of Guayaquil, and the much broader low-lying, 
Guayas Basin to the north, with ranges of hills (The Cordillera 
Chong6én-Colonche and the Cordillera Jama-Mache) rising to 
600m along the Pacific margin. The cores of these hills consist 
of basaltic volcanics of early Cretaceous age. Upper Cretaceous 
to Holocene sediments occupy the rest of the coastal zone 
(Figure 1). 


The ‘Sierra’ comprises the Andean mountain chain, which in 
Ecuador is only about 120km wide and therefore constitutes the 
narrowest sector of the entire range along the western margin 
of South America. Much of the Sierra rises to over 4000m and 
reaches 6310m in the volcano Chimborazo, the highest peak of 
the country. The region consists of two parallel ranges, the 
Cordillera Occidental and the Cordillera Real (a continuation 
of the Cordillera Central of Colombia), separated by the Inter- 
Andean Depression in central and northern Ecuador. Elevations 
decrease southwards, towards the Peruvian border, where the 
Andes make an abrupt change in trend to north-north-west at 
the Huancabamba Deflection. The Cordillera Occidental is 
underlain mainly by Cretaceous volcanics and acidic intrusions, 
Whereas the Cordillera Real essentially consists of 
metamorphic rocks. The central and northern part of the Sierra 
is mantled by thick Quaternary volcanics. 


The ‘Oriente’ extends from the foothills of the Andes eastwards 
into the Amazon Basin. Marginal to the Andes is the Sub- 
Andean Zone of low ranges formed by the Napo Uplift in the 
north and the Cordillera Cutucu in the south. These are 
analogous to the Cordillera Oriental of Colombia and Pert but 
are less pronounced features, probably because of the reduced 
thickness of Mesozoic sediments — about 1000m in Ecuador, 
compared, for example, with 11000m in the Cordillera Oriental 
of Colombia (Campbell, 1970). Cenozoic sediments form most 
of the exposed surface in the Oriente but there are also outcrops 
of Palaeozoic, Jurassic and Cretaceous rocks. The basement 
rocks of the Guiana Shield are nowhere exposed at the surface. 


The search for oil in both the Costa and the Oriente has 
provided much geological data in these areas. Information for 
the Costa and Sierra has largely been provided through the 
systematic geological mapping programme at 1:50000 scale 
(published at 1:100000 scale) by the Direccién General de 
Geologia y Minas, working with French (1964-1973) and 
British (1969-1980) technical cooperation. 


100 150km 





Figure 1 Physiographic elements of Ecuador 
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PRE-MESOZOIC ROCKS 
To treat the pre-Mesozoic rocks as ‘basement’ in Ecuador 1s not ° D's, . 76° 
an easy matter. Definitely pre-Mesozoic rocks have a limited a = COLOMBIA 


outcrop, and it is not yet clear to what extent the metamorphics 
of the Cordillera Real consist of Mesozoic or Palaeozoic and 
older rocks. The outcrop of the (?pre-Mesozoic) ‘basement’ is 
shown in Figure 2. 


ORIENTE. The pre-Mesozoic sediments comprise the 
Pumbuiza and Macuma Formations (Table 1) which crop out in 
a north-south-trending anticlinal structure towards the northern 
end of the Cordillera Cutucu. The Pumbuiza Formation consists 
of black argillite, in places graphitic, which passes locally into 
sandstone (Tschopp, 1953); the thickness is not known. The age 
is uncertain because the few brachiopods recorded are not 


Metamorphic — al 


specifically identified, but it is considered to be of Devonian P Trends 
age. Weakly metamorphosed black phyllites of the Margajitas 7° Any Mesozoic 
. : ; / = —= Palaeozoic and Precambrian 
Formation occur in a narrow belt between the Cordillera Real mh ays eee 
: 47 7 

and the Sub-Andean region; because of their lithological INllIt| Palaeozoic 

eee : ; . : = _ Slightly metamorphosed 
similarity, these were correlated with the Pumbuiza Formation res iA Sie dateniesse Ne 


by Tschopp (1948), although they might equally well be a ie \ A thet. Eb 
correlated with the Napo Formation (Bristow and Hoffstetter, 
1977, pp. 198-199). The Pumbuiza Formation is overlain 
unconformably by the Macuma Formation, which consists of 
siliceous limestones with intercalated black argillites totalling 
approximately 1450m (Tschopp, 1953). It is highly 
fossiliferous and the larger foraminifera, particularly of the 
families Fusulinidae and Ozwainellidae indicate the 
Westphalian Stage of the Carboniferous (Sigal, 1968). 





Figure 2 ‘Basement’ rocks: the outcrop of the 
Palaeozoic and metamorphic rocks 


Table 1 Correlation chart of the rock formations of Ecuador 
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In the Cordillera Cutuct' the Pumbuiza Formation is strongly 
folded and, although the contact with the overlying Macuma 
Formation is not seen, an angular discordance is inferred, 
implying a post-Devonian orogenic event. A great stratigraphic 
hiatus between the Macuma Formation and the overlying 
Chapiza Formation (Middle-Upper Jurassic) probably reflects 
post-Carboniferous movements. The trends of these probable 
orogenies are not evident in this region and the present 
disposition of the Pumbuiza and Macuma Formations is due to 
north-south folding with overlying Cretaceous formations 
during the Eocene Orogeny. 


SIERRA. Pre-Mesozoic metamorphic rocks in southern 
Ecuador, south of Arenillas (Figure 2), range from very slightly 
metamorphosed greywackes, sandstones and shales to high- 
grade gneisses, the metamorphic grade increasing from south 
to north (Feininger, personal communication). This belt of 
metamorphics contains an exotic assemblage of rocks which 
include sillimanite-, andalusite-, and garnet-bearing gneisses, 
amphibolite, migmatite, serpentinite, eclogite and various 
granitoid bodies. The trend of the foliation is generally east- 
west and there are parallel faults; along the Tahuin ridge this 
assemblage forms a direct continuation of the Amotape range 
of north-western Pert. The age of these metamorphics is not 
known and fossils have not been found even in the more weakly 
metamorphosed sediments. The style of deformation and 
degree of metamorphism, and in particular the well-developed 
migmatitic structures, suggest that these rocks are old, most 
probably Palaeozoic, and possibly in part Precambrian 
(Feininger personal communication). The one radiometric age 
determination, from an amphibolite, in this belt of 
metamorphics gives a date of 743 Mal, but a considerable age 
range of rocks may be involved. In southern Peru, similar 
gneisses have been shown to be very ancient (Cobbing and 
others, 1977). 


Further east, south of Cuenca, biotite-gneisses in the 
metamorphic belt of the Cordillera Real show a similar east- 
north-easterly foliation trend, and narrow bands of mylonite 
also strike east-north-eastwards. The similarity of tectonic trend 
in this region and around Arenillas suggests that at least the 
southern part of the Cordillera Real consists of a metamorphic 
assemblage (the Zamora Series) in which definite Palaeozoic 
rocks have been incorporated. The mylonite bands may be the 
surface expression of renewed movements along deep 
Palaeozoic fractures. This east-north-easterly trend is also 
similar to that of the metamorphosed ?Upper Palaeozoic rocks 
of the Cordillera Central of Colombia which, although striking 
north-south in central Colombia, swing to a north-east to south- 
west strike at the border with Ecuador (Feininger, personal 
communication). In the Huancabamba area of northern Pert 
schists and phyllites of the Olmos Arch (the southwestward 
extension of the Cordillera Real) are overlain by quartzites of 
supposed Devonian age (Cobbing and others, in press). 


1 All radiometric dates quoted in this paper have been 
recalculated from the reported dates using the decay constants 
of Steiger and Jager (1977). 


MESOZOIC AND PALAEOGENE ROCKS 


In the east, coinciding more or less with the present-day 
Oriente, Mesozoic to Lower Tertiary deposition occurred on a 
shelf formed by the stable platform of the Guiana Shield. The 
sediment was derived principally from the denuding shield to 
the east. In the west, along the line of the present-day Cordillera 
Occidental, a volcanic arc developed (Figure 3) and volcanism 
and sedimentation were closely linked. North of 2°30’S the arc 
provided a thick sequence of dominantly marine pyroclastic 
and epiclastic sediments; the arc may have accumulated on a 
basement akin to oceanic crust. Recent palaeontological ages 
from this region suggest the existence of sudden facies changes 
and strongly diachronous formational boundaries (Henderson, 
1979; but see Bristow, 1979). South of 2°30’S, there is 
evidence for substantial subaerial volcanism and sedimentation 
developed upon sialic crust. The western limit of this ‘foreland’ 
is now represented by the Cerros de Tahuin and _ their 
continuation in Pert as the Cerros de Amotape (Palaeozoic). 
During the late Mesozoic these hills evidently formed a small 
positive area, the Tahuin-Amotape ridge, which was separated 
from the shield by a trough developed on continental crust. 
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Figure 3 Outcrop of the Cretaceous (Aptian-Campanian) 


rocks 
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PRE-UPPER EOCENE 


SOUTHERN SIERRA. Mesozoic volcanism in the area of the 
present-day western Sierra of southern Ecuador is represented 
by the Celica Formation, which is comprised of greenish 
andesitic lavas, pyroclastics and volcanic sediments. No pillow 
lavas have been reported, which, together with the poor 
stratification in the associated volcanic sediments, suggest a 
generally non-marine environment of deposition. 


The total thickness of the Celica Formation is of the order of 
several kilometres; the age is uncertain and radiometric dating 
has been unsuccessful because of alteration. The volcanic 
activity may have begun in the late Jurassic, or early 
Cretaceous, contemporaneously with the Misahualli volcanics 
of the Chapiza Formation in the eastern Cordillera Real (p. 9), 
but there is no evidence to support this, and a Cretaceous age, 
to accord with the proposed initiation of the Macuchi volcanics 
(Henderson, 1979), is equally possible. The upper part of the 
Celica Formation is thought to be intercalated with 
Maastrichtian strata in the Cuenca area (Bristow, 1973). 


In the extreme south-west, the Alamor Group (Sheet 22, 
Alamor) consists mainly of greywackes, black shales and 
limestones with volcanic intercalations. The total thickness is 
about 2000 to 3000m. Conglomerate layers consist of volcanic 
material in the east, but to the west they are composed of 
metamorphic cobbles probably derived from the Tahuin- 
Amotape ridge. The limestones of the Cazaderos Formation are 
now considered to represent a marginal shelf facies of part of 
the Alamor Group resting on the metamorphics of the Tahuin- 
Amotape ridge. 
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The ammonites Parahoplites sp., Oxytropidoceras sp. and 
Desmoceras latidorsatum (Michelin) and the echinoid 
Heteraster roscheni (Richards) from the Cazaderos Formation 
of the Puyango area indicate a lower age limit of late Aptian to 
Middle Albian for the Alamor Group. Other fossils, notably 
molluscs, foraminifera (including the Campanian larger 
foraminifer Sulcorbitoides pardoi Bronnimann) and calcareous 
algae, from the type area of the Cazaderos Formation indicate 
a late Cretaceous (Coniacian to Campanian) age (Kennerley, 
1973; Bristow and Hoffstetter, 1977, p. 84). 


In the Maastrichtian, sedimentation became dominant over 
volcanism and erosion of the arc accelerated, producing great 
volumes of flysch-like material. Black shales, calcareous 
shales, and sandstones with thin volcanic intercalations were 
deposited locally as the Yunguilla Formation, which crops out 
sporadically throughout the Sierra from south of Cuenca 
northwards (Figure 4). Locally, north of Cuenca, the Ingapirca 
Formation caps the sequence (Sheet 72, Cafar). The whole 
sequence attains a thickness of over 3000m in the Cuenca area. 
The Maastrichtian age is well substantiated by planktonic 
foraminifera (Sigal, 1968; 1969; unpublished British Museum 
(Natural History) reports), and ammonites (Bristow, 1973; 
Bristow and Hoffstetter, 1977, p.351). 


It is believed that late Cretaceous sediments were deposited 
also between the volcanic arc and the shield to the east (Figure 
3), but were metamorphosed during the Eocene Orogeny. Thus, 
Bristow (1973) reports a passage from the Yunguilla and Celica 
formations eastwards into metamorphics — the El Pan Schists 
and San Francisco Metavolcanics of the Paute Series — east of 
Cuenca. 


In Loja Province local volcanic activity continued during the 
early Tertiary with the predominantly andesitic pyroclastic 
Sacapalca Formation (Figure 4). This formation is overlain, 
apparently conformably by a succession of shales, silts and 
sandstones with intercalated andesitic volcanics of the 
Gonzanama Formation. The Sacapalca Formation is intruded 
by the El Tingo pluton which is date radiometrically at 50 Ma. 
Hence and early Eocene or Palaeocene age is assumed for the 
Sacapalca and Gonzanama Formations. 


NORTHERN SIERRA. In northern Ecuador, the equivalent 
of the Celica is the Macuchi Formation, which is also made up 
of greenish volcanic sediments and lavas, but the chief 
distinction is that the volcanic sediments are generally much 
better stratified and were evidently deposited by submarine 
density flows. The lavas are mainly basaltic andesites, but 
andesites (Table 2, Nos. 4 and 5) and basalts are common 
(Henderson, 1979). The basic lavas are often pillowed and it is 
thought the sequence is dominantly of marine origin (Figure 3). 
The bulk of the Macuchi Formation belongs to a volcanic-arc 
assemblage (Henderson, 1979) with a probable thickness in 
excess of 8000m. 


Figure 4 Outcrop of Maastrichtian-Palaeocene rocks 
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Table 2 Chemical analyses of volcanic rocks of Ecuador 


se = 












































i 2* a 12} 17§ 
SiO, 42.10 48.70 52.45 54.35 61.20 56.00 50.90 
TiO, 0.76 
ALO3 18.88 
Fe.03 1.82 
FeO 3.20 
MnO 0.13 
MgO 2.61 
CaO 6.45 
Na2O 4.46 
K,0 3.13 
H20 + 1.80 
H20 - 1.48 
P20s 0.78 
CO, 0.30 
99.54 99.72 99.69 99.79 101.84 100.34 97.10 98.73 96.15 96.70 


1 Picrite-basalt (No. 130), Pifi6n Formation, Pascuales 

2 Tholeiitic basalt (No. 7122), Piiidén Formation, Sequita, Portoviejo 

3 Quartz andesite (No. 742), dyke in Cayo Formation, Cape San Lorenzo 
4 Leucocratic quartz-andesite (No. 16), Macuchi Formation, Tandapi 

5 Quartz-andesite (No. 15), Macuchi Formation, Tandapi 

6 Andesite, Pichincha. Sample No. K. 26, analysis No. 68 

7 Andesite, Pichincha. Sample No. Q. 42, analysis No. 71 

8 Andesite, Ilal6. Sample No. K. 25, average of two analyses, Nos. 174 
and 176 

9 Andesite, Cotopaxi. Sample No. K. 27, analysis No. 169 

10 Basaltic andesite, Tungurahua. Sample No. RN.233, average of two 
analyses, Nos. 69 and 77 

11 Andesite, Pufialica. Sample No. RN. 218, analysis No. 168 

12 Andesite, Carihuairazo. Sample No. RN. 244, analysis No. 170 

13 Andesite, Chimborazo. Sample No. RN. 179, analysis No. 72 

14 Andesite, Chimborazo. Sample No. RN. 213, analysis No. 73 

15 Basaltic Andesite, Chimborazo. Sample No. RN.243, analysis, No. 70 
16 Basaltic andesite, Sangay. Sample No. SAN1, analysis, No. 173 

17 Andesitic tephrite (No. 7), Sumaco 

* See Goossens and Rose (1973, Table 1) 

+ See Pichler, Stibane and Weyl (1974, Table 1) 

t Unpublished analyses (1976) supplies by Dr. P.W. Francis, Department 
of Earth Sciences, The Open University, Milton Keynes, England 

§ See Colony and Sinclair (1928, Table 1) 


The volcanic activity may have begun in the Jurassic (p. 4) but 
the oldest fossils from the Macuchi Formation are Upper 
Cretaceous — the mollusc Inoceramus cf. peruanus (Faucher 
and Savoyat, 1973) and foraminifera (Sigal, 1968). The 
youngest fossils are apparently Eocene in the Pilal6 area of 
Cotopaxi Province. Cotecchia and Zezza (1969) obtained an 
isotopic age of 52 Ma (Lower Eocene) from rocks lithologically 
similar to the Macuchi Formation, near Ambato in the Inter- 
Andean Depression. 


In the Pilal6 area the Macuchi Formation is overlain by black 
siltstones and dark sandstones, often rhythmically bedded with 
limestones near the base bearing Eocene larger foraminifera 
and calcareous algae. These sediments have always been 
referred to as the Yunguilla Formation and this usage is 
followed here. However, in all other parts of the Sierra the 
Yunguilla Formation contains Maastrichtian and/or possibly 
Palaeocene micro- and macrofauna, which implies that the base 
of the Yunguilla is either strongly diachronous (Henderson, 
1979) or that two lithologically similar Formations have been 
confused (Bristow, 1979), (Figure 4). 





The Macuchi Formation is overlain directly by the Yunguilla 
Formation in Chimborazo Province too, but in Pichincha 
Province, west of Quito, the Yunguilla Formation appears to 
rest on a succession of green and red volcanics, sandstones, 
conglomerates and siltstones. These rocks were previously 
included within the Cayo Rumi and thought to overlie the 
Yunguilla Formation. However, in the type area of the Cayo 
Rumi (Tschopp, 1948), which is along the Guaranda road west 
of Riobamba in Chimborazo Province, the lithology is different 
and red beds do not occur. Thus, a new name, Silante 
Formation, has been introduced (Randel, personal 
communication; Bristow and Hoffstetter, 1977) for the red beds 
in Pichincha Province. The maximum thickness of the 
Formation is about 5000m. The Silante Formation is probably 
Santonian and Campanian in age since it seems to underlie, 
apparently conformably, Maastrichtian Yunguilla Formation 
strata, but overlies pre-Santonian Macuchi Formation strata 
(Henderson, 1979). 


In current usage the term Cayo Rumi refers to a distinctive 
sequence of coarse sandstones, greywackes, grit and 
conglomerates with prominent vein-quartz pebbles, which 
overlies the typical Yunguilla in a restricted area of the western 
Cordillera, mainly between 1°S and 2°S (Figure 4). West of 
Riobamba the contact with the underlying Yunguilla sequence 
is sharp, but south-west of Latacunga it appears to be 
gradational. In some localities the Cayo Rumi occurs only as 
thin beds within typical Yunguilla. It is now believed that the 
Cayo Rumi represents a locally-developed facies of Yunguilla 
and does not merit formational status. It is considered as a 
Member of the Yunguilla Formation, occurring at or near the 
top of the sequence; the maximum thickness is not known 
because of apparent strike-slip faulting and an eroded top. If the 
Yunguilla is strongly diachronous (Maastrichtian to Eocene) 
(Henderson, 1979), then the age of the Cayo Rumi Member 
would be Palaeocene to Eocene, if however, as Bristow (1979) 
believes, two lithologies have been confused as ‘Yunguilla’ in 
this area then the ‘Cayo Rumi’ may also be composite with a 
Palaeocene and an Upper Eocene component. 


OVERSEAS GEOLOGY & MINERAL RESOURCES No. 55, 1980 


COSTA. In the Costa the oldest rocks are volcanic and have 
been described as the Pinon Formation (Tschopp, 1948) or the 
(Basic) ‘Igneous Complex’ (Goossens and Rose, 1973). Here 
the name Pifi6n Formation will be used, since it has precedence. 
It crops out principally along the Cordillera Chong6n-Colonche 
and in detached outcrops northwards along the coast (Figure 3). 
The Pind6n Formation appears to be more basic than the Celica 
and Macuchi Formations (Table 2, Nos. 1 and 2) and includes 
tholeiitic basalts. Pillow structures are common, indicating that 
much of the material is marine. The thickness is unknown. 


Radiometric dates on basalts from the Manta region, range from 
113 to 62 Ma (Goossens and Rose, 1973; Figure 6 and Table 3, 
Nos. 2-7) but the later dates are either from younger dykes or 
from lavas within the Cayo Formation. Only the 113 Ma and 
107 Ma dates are from the Pifié6n, which therefore includes 
Albian or Aptian rocks. Suggestions that the Formations ranges 
down into the Jurassic are speculative. 


According to Goossens and Rose (1973) the Pinén may 
represent oceanic crust, perhaps created at an oceanic ridge to 
the west. If the Pinén does comprise a portion of ocean-floor 
material, possibly isolated by ‘jumping’ of a sector of a trench 
system from a more easterly site to an offshore site during early 
or mid-Tertiary times (Figures 4 and 5), it would adequately 
explain the very large positive gravity anomaly to the north of 
the Cordillera) Chongon-Colonche. An __ alternative 
interpretation might be that the Pif6n could represent the more 
basic, tholeiitic part on the oceanward side of the volcanic arc, 
which is more fully developed as the Macuchi Formation to the 
east (Henderson, 1979). This interpretation is also valid for 
explaining the basic volcanism within the Cayo Formation, but 
does not rule out the possibility that the volcanic arc 
accumulated partly or wholly on oceanic crust. 


The Pii6n Formation is succeeded, apparently conformably, by 
the Cayo Formation (Figure 3). A basal breccia is followed by 
shales, tuffaceous shales, greywackes, sandstones and 
conglomerates with cherts in the upper part (Guayaquil 
Member). There was intermittent basic volcanic activity which 
formed lenses of pillow lava and brecciated lava, particularly 
near the base. The Cayo Formation attains a thickness of at least 
3000m. Foraminifera indicate a late Cretaceous (Senonian to 
Maastrichtian) age (Bristow, 1975b). 


During the Palaeocene, relief was probably high in the coastal 
region with the Cretaceous rocks emergent in parts, but locally 
some shelf areas received products of terrestrial erosion. Near 
Manta the Pindén Formation is intruded by younger basaltic 
dykes which yield dates of 66 Ma and 62 Ma. 


Marine conditions returned in the Eocene. A reef limestone, the 
San Eduardo Formation (Middle Eocene), was deposited 
unconformably on the Cretaceous rocks along the south-west 
side of the Cordillera Chong6n-Colonche and in the coastal 
hills to the north (Figure 5). Conglomerates and sandstones 
form the Aztcar Group, whilst sandstones siltstones and shales 
make up the Ancoén Group and the Middle to Upper Eocene San 
Mateo Formation. All these were evidently deposited in 
shallow marine water. The detailed succession is uncertain 
because the Aztcar and Ancon groups now occur in an Upper 
Eocene olistostromic complex. 
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Figure 5 Outcrop of the Eocene-Oligocene rocks and 
the principal features of the Eocene Orogeny 


In the Santa Elena Peninsula, the Eocene rocks are represented 
by the Santa Elena Olistostromic Complex (Colman, 1970). It 
is composed of allochthonous material divided into slides and 
olistostromes, which in general consist of olistoliths, large 
homogeneous blocks probably hundreds of metres in size, 
embedded in an argillaceous matrix. The blocks are composed 
of sandstone, siliceous mudstones and even basic volcanic 
(basin floor) material which was torn from the underlying 
basement during transport. The Olistostromic Complex attains 
a thickness of 3000-4500m. 


The absence of material of Oligocene age in the Olistostromic 
Complex suggests that it was emplaced at the end of the Eocene 
(Figure 5.). Its formation is attributed to the uplift of the 
Chong6n-Colonche ridge, which extends north-westwards 
from Guayaquil, whereby the Aztcar and Ancon groups, which 
were deposited in the area, were caused to slide south- 
westwards off the ridge (dome) to the Santa Elena area, 
overriding and locally incorporating the San Eduardo 
Formation in the process (Figure 5). The cause of the uplift is 
uncertain, but probably represents a flexure formed during the 
Eocene Orogeny, during which there was also formed a deep 
trough capable of receiving such a thick deposit. 
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Table 3. K:Ar age determinations on rocks from Ecuador 





































































































Sample — Laboratory : rg “Ar Apparent age ¢ 
Rock type Mineral analysed K (% Preferred age (Ma 
No. * No. + yp y ) (nl/g) (Ma) ge (Ma) 
11 73.159 Amphibolite Hornblende 0.084 3.001 743414 (732414) 743414 
76.43 K-feldspar 11.93 73.42 152+4 (14844) 
32 76.42 Granodiorite Hornblende 0.678 4.768 173+5 (16845) 18045 
76.41 Biotite 6.26 45.88 18045 (17545) 
73.175 Biotite 6.20 19.30 78+1 (7641) 
16 Biotite Granite 173+4 
73.176 Plagioclase 0.428 3.026 173+4 (168+4) 
70.164 Biotite 4.84 9.327 49+? (4842) 
9 Granodiorite 114430 
70.165 Hornblende 0.108 0.4930 114430 (111430) 
73.160 Plagioclase 0.23 1.018 11043 (10843) 
13 73.164 Tonalite Hornblende 0.65 2.946 11343 (11043) 11343 
73.165 Biotite 6.19 23.50 95+1 (9341) 
6 69.210 Basalt Plagioclase 0.206 0.9355 113+10 (110+10) 113+10 
4 69.208 Basalt Plagioclase 0.147 0.6274 107415 (104415) 107415 
22 74.110 Phyllite Whole rock 0.415 1523 92+3 (89.743) 9243 
23 74.109 Phyllite Whole rock | ees ifs 5.508 8842 (85.742) 8842 
5 69.209 Basalt Plagioclase 0.187 0.6498 87410 (85410) 87410 
35 77.1187 Biotite-Granite Biotite 3.838 13.32 8747 (8547) 8747 
33 76.47 Hornblendite Hornblende 0.548 1.849 8543 (8343) 8543 
31 76.52 Muscovite-schist Muscovite 8.45 27.47 82+3 (8043) 8243 
28 76.40 Biotite-gneiss Biotite 7.34 D359 81+3 (79+3) 81+3 
70.71 Whole rock 0.236 0.6834 73+6 (7246) 
3 Basalt 75+10 
70.120 Whole rock 0.236 0.7058 75+10 (74410) 
76.50 K-feldspar 11.39 24.35 54+2 (5342) 
34 Diorite 7543 
76.48 Hornblende 1.022 3.022 7543 (7343) 
29 76.45 Biotite-gneiss Biotite 8.01 22.80 7242 (70+2) poe 
73.172 Biotite 5.50 14.49 67+2 (65+2) 
15 Biotite-granodiorite 70+2 
FADS Plagioclase 0.645 ered | 70+2 (68+2) 
2 69.204 Basalt Plagioclase 0.236 0.6162 66+5 (65+5) 6645 
73.166 Plagioclase 0.632 1.541 62+1 (60+1) 
14 Granodiorite 63+1 
73.171 Biotite 7.799 19.37 63+1 (6141) 
27 - ‘Diabase’ (=Andesite) ? ? ? 52243 (315425) 5243 
30 76.46 Biotite-gneiss Biotite 7.86 16.07 52+2 (51+2) 5242 
73.162 Hornblende 0.64 1.174 47+2 (4542) 
12 Granodiorite 5043 
73.163 Biotite 1.214 2.409 5043 (4943) 
73.202 Biotite 6.898 9.838 36.4+0.5 (35.4+0.5) 
73.204 Hornblende (Biotite) 0.476 0.9027 49.142 (46.942) 
17 73.205 Granodiorite Plagioclase 0.705 1.059 38.341 (37.341) 49.142 
73.206 K-feldspar 10.360 18.52 46+0.7 (44.347) 
73.207 Hornblende 0.466 0.7124 39+1 (37.941) 
73.424 Biotite 7.304 8.286 2940.5 (28.2+0.5) 
26 73.211 Granite Plagioclase 0.620 0.5940 24.5+0.8 (23.9+0.8) 29+0.5 
73.212 K-feldspar 10.395 9.845 24.2+0.8 (23.6+0.4) 
18 74.111 Rhyolite Whole rock 2.815 235d 21.4+0.8 (26.8+0.8) 21.4+0.8 
19 74.106 Rhyolite Whole rock 0.885 0.9271 26.8+40.7 (26.1+0.7) 26.8+0.7 
25 74.105 Andesite Whole rock 1.581 1.296 21.0+40.6 (20.4+0.6) 21.0+0.6 
77.1188 Biotite 6.564 8.139 31.741 (30.841) 
36 Quartz-diorite 19.843 
77.1189 Hornblende 0.4378 0.3377 19.843 (19.243) 
24 74.104 Andesite Whole rock 2.076 1.596 19.740.5 (19.2+0.5) 19.7+0.5 
20 74.108 Andesite Whole rock 2.063 1.569 19.5+0.4 (18.9+40.4) 19.5+0.4 
21 74.107 Andesite porphyry Whole rock 1.066 0.5880 14.2+0.5 (13.8+0.5) 14.2+0.5 
1 69.211 Granodiorite Biotite 6.93 3.462 12.8+0.6 (12.5+0.6) 12.8+0.6 
10 MK 111 Biotite-granodiorite 2 7 ? 9.7740.29 (9.7740.29) 9.77+40.29 
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Coordinates 

11 3° 43’ S, 79° 37’? W 2 1° 03’ 20”? S, 80° 55’ 55’ W 
32 4° 38’ 57°’ S, 79° 06°06” W114 3° 51’ 30”? S, 79° 10’ 45”> W 
16 3° 35’ S, 79° 02’ W | 1° 02’ 40”’ S, 80° 45’ W 

9 4° 21’ S, 79° 56’ W 2h 1° 12’ 40” S, 78° 32’ 30’? W 
13 4° 18’ 25”’ S, 79° 35’ 30’? W330 4° 01’ 37’ S, 79° 00’ 08’? W 
6 1° O1’ 20” S, 80° 35’ W 2 3° 59’ 30” S, 79° 23’ 30”? W 
4 1° O1’ 20” S, 80° 35’ W 17 2° 35’ 45’’ S, 78° 34’ 05’? W 
2 2° 50’ 50”’ S, 78° 50’ 15> W226 4° 34’ 54’’ S, 79° 25’ 30”? W 
23 2° 50’ 50”’ S, 78° 50’ 15’> W118 3° 14 15”? S, 79° 12’ 05’ W 
5 1° 03’ 20” S, 80° 55’ 55’ W 19 3° 19’ 20” S, 79° 26’ 40”? W 
35 1° 24’ S, 78° 10’ W 25 2° 50’ 00’’ S, 78° 52’ 13’? W 
33 2° 14’ 30’ S, 78° 33’ 00’? W336 1° 48’ S, 79° 06’ W 

31 0° 21’ 30”’ S, 79° 01’ 30’? W224 2° 50’ 10’’ S, 78° 52’ 40”? W 
28 4° 36’ 28” S, 79° 07’ 277 W220 3° 19725?" 8S, 79° 26° 257°" W 
3 1° 20’ S, 80° 38’ 20’? W 21 3° 13’ 40” S, 79° 13’ 00’? W 
34 2° 12’ 00’ S, 78° 31’ 30’? Ws 2° 54’ 00’’ S, 79° 25’ 20”? W 
29 4° 27° 28”’ S, 79° 08’ 58> W 10 2° 55’ 30’’ S, 79° 25’ 30’? W 


15 3° 46’ 20”’ S, 79° 15’ 00”’ W 


* See Figure 6 for location map 

+ Analyses by Institute of Geological Sciences (Isotope Geology Unit), 
London, except for sample 10 (see Muller-Kahle and Damon, 1970) 
and sample 27 (see Cotecchia and Zezza, 1969) 

t Ages have been recalculated for this paper using the decay constants 
recommended by Steiger and Jager (1977). The original values are 
given in brackets 


Accompanying the rise of the Chong6n-Colonche ridge a 
widespread uplift of the Costa occurred, the sea retreated 
westwards and sedimentation ceased. This is_ significant 
because a similar break above the Upper Eocene is recorded 
over much of Middle America (the Gulf Coast of the USA to 
Pert) (Stainforth, 1955). 


ORIENTE. Sedimentation in the Sub-Andean region 
recommenced at the beginning of the Jurassic with the 
deposition of the carbonates of the Santiago Formation (Lias). 
Within this sequence, volcanic intercalations become 
conspicuous westwards, suggesting volcanic activity to the 
west (Campbell, 1970). Uplift caused a brief regression in the 
Middle Jurassic to give arid continental conditions, which 
produced the Chapiza Formation (Middle-Upper Jurassic) — a 
succession of red beds consisting of shales, sandstones, 
conglomerates, anhydrite and dolomitic concretions capped by 
?Upper Jurassic to lowermost Cretaceous lavas, tuffs and 
breccias (Misahualli volcanics). The whole succession attains a 
total thickness of up to 3000m. 


Some uplift, causing erosion of the Chapiza Formation, 
preceded an important transgression which occurred in the 
Aptian and covered the whole of the Oriente region (Figure 3). 
The first deposits were epicontinental sandstones represented 
by the Hollin Formation, which attains a thickness of 240m and 
rests, possibly locally conformably, on the Chapiza Formation 
(Bristow and Hoffstetter, 1977, p.158). The age is Aptian-early 
Albian. Subsidence continued and marine conditions were 
established, but as the relief of the source areas in the shield 
areas to the east was reduced by erosion, finer-grained 
sediments were deposited to form the Napo Formation, which 
conformably overlies the Hollin Formation. Whereas in the east 
the Napo Formation is dominantly arenaceous, in the west 
bituminous limestones with interbedded shales and sandstones 
were formed. The succession is 250-400m thick. The Napo 
Formation is rich in microfauna and ammonites which indicate 
an age from Albian to Santonian (Sigal, 1969, p. 211). 
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Figure 6 Location map for the samples dated by the 
K:Ar method 


Movements heralding the Eocene Orogeny uplifted parts of the 
shelf, which led to the erosion of the upper part of the Napo 
Formation (Tschopp, 1953; Sigal, 1969) before the deposition, 
without marked angular discordance, of the Tena Formation, 
which comprises reddish clays with grey and green layers, chert 
concretions and fine sandstones. The thickness of the Tena 
ranges from greater than 1000m in the west but thins to 272m 
in the east (Tiputini 1 Borehole). The depositional environment 
of the Tena Formation is difficult to define. While the lithology 
suggests continental facies the Institut Francais du Pétrole 
(Faucher and Savoyat, 1973) record a fauna and flora which are 
partly marine and partly paralic or continental. They have 
shown that the fauna cannot be considered as mixed (mélangé): 
there are marine and continental levels. It seems clear that a 
marine level is present at the base (the planktonic foraminifera 
Rugoglobigerina, and the ostracod Brachycythere), and close 
to the top a dwarfed fauna (the benthonic foraminifera Bulimina 
and Rzehakina) suggests poor marine conditions. The age is 
considered to be Maastrichtian. 


The Tiyuyacu Formation overlies the Tena Formation with 
apparent conformity in the northern Oriente (Faucher and 
Savoyat, 1973), but Tschopp (1953) suggested a slight angular 
discordance on the basis of seismic evidence. The Tiyuyacu 
Formation represents a predominantly continental environment 
but with some marine incursions (Figure 4). It consists of a 
succession of conglomerates and coarse sandstones with 
intercalations of red shales ranging in thickness from 250- 
700m. The Tiyuyacu Formation has not been reliably dated. 
Mills (written communication) infers a Palaeocene as opposed 
to an Eocene (Faucher and Savoyat, 1973) age. The Cuzutca 
Formation was deposited contemporaneously in the southern 
Oriente. 
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Eocene Orogeny 


A major stratigraphic break occurs throughout the three regions 
of Ecuador towards the end of the Eocene. A separate tectono- 
thermal event could have taken place towards the end of the 
Cretaceous. This may explain the unconformity beneath the 
San Eduardo Formation (Middle Eocene), the initiation of the 
flysch-like sedimentation in the Maastrichtian (Yunguilla 
Formation) and perhaps the 72-82 Ma radiometric dates for 
metamorphic rocks from parts of the Cordillera Real. 


SIERRA. Orogenic effects were most marked in the Sierra 
regions; late Eocene-Oligocene uplift raised the Andes to form 
a land area that was to persist to the present (Figure 5). In the 
region of the present Cordillera Occidental strong compressive 
forces were generated and caused folding on approximately 
north-south axes in the Macuchi, Silante, Yunguilla (including 
the Cayo Rumi) Formations and the Alamor Group, resulting 
in steeply dipping and sometimes overturned strata. Faulting 
also occurred but it is difficult to identify, especially in the 
Macuchi Formation with its generally homogeneous nature. 


In the region of the present Cordillera Real, along the east side 
of the Sierra, Upper Cretaceous sediments and volcanics were 
compressed and metamorphosed to form the schists and 
gneisses of the Paute Series, the El Pan Schists, and the San 
Francisco Metavolcanics. Locally, south of Cuenca, it is 
believed that the Eocene metamorphism may have incorporated 
and reworked Palaeozoic basement metamorphics (Zamora 
Series) which had been intruded by granitoid rocks in the 
Jurassic (p. 15). 


Radiometric determinations on metamorphic rocks of the 
Cordillera Real gives ages of 82, 81, 72 and 52 Ma. These may 
indicate significant events at about 72-82 Ma and about 52 Ma; 
the 52 Ma event shortly preceding the Eocene Orogeny. An 
alternative interpretation is that the 72-82 Ma ages might 
represent incomplete resetting by the Eocene Orogeny of the 
Palaeozoic basement metamorphics. 


The Cordillera Real metamorphic rocks usually exhibit a 
steeply-dipping foliation, suggesting isoclinal folding on axes 
trending generally north-north-eastwards (Figure 2). Along the 
western margin of the metamorphic belt, where the grade of 
metamorphism is very low, the schistosity and cleavage have 
very low dips. In general, the metamorphism was of greenschist 
facies, but locally along the axis of the metamorphic belt 
amphibolite facies was reached (Kennerley, 1971). The 
assemblage of pelitic, psammitic and metavolcanic rocks, 
implies that the Paute Series could have been derived from 
deposits such as the Yunguilla, Celica and Macuchi Formations 
(see below). 


Sheppard and Bushnell (1933) recorded metamorphic rocks in 
the Cordillera Real east of Cuenca which they considered to be 
much younger in age than Palaeozoic, the age then generally 
attributed to all the metamorphic rocks of the Cordillera Real. 
They thus maintained that in the area east of Cuenca there was 
more than one period of metamorphism, the last probably 
falling within the Tertiary (Eocene Orogeny). Two periods of 
tectonic deformation were also recorded by Kennerley (1971) 
in the Llanganates area. 


Bristow (1:100000 Cafiar sheet, 1975) subsequently recorded a 
passage, in a westerly direction along the Rio Dudas north-east 
of Cuenca, from schists within metavolcanics of the Paute 
Series through phyllites to hard, black, well-bedded argillites of 
the Yunguilla Formation. Over a broader area the El Pan 
Schists and the San Francisco Metavolcanics of the Paute 
Series are interpreted as the metamorphosed equivalents of, 
respectively, the Yunguilla and Celica (and Macuchi) 
Formations (Table 1). On the east side of the metamorphic belt 
near Limon, Savoyat and others (1970) suggested that there 
might likewise be a westward passage from fossiliferous 
Maastrichtian sediments into schists. 


The probable presence of a regional metamorphic series 
ranging in grade from greenschist to amphibolite generated by 
the Eocene deformation should be especially emphasised since 
a similar phenomenon has not been recorded in the whole 
Andean range south of Ecuador. To the north such rocks could 
be correlated with those belonging to the late Mesozoic and 
Cenozoic regional metamorphic episodes in Colombia 
described by Irving (1975). 


ORIENTE. Overthrusting to the east on high-angle, north- 
south-trending, westward-dipping reverse faults along the Sub- 
Andean zone contributed to the elevation of the Sierra above 
the Oriente (Figure 5). The Oriente region lay outside the main 
orogenic belt but was affected by diastrophic movements 
because broad, gentle folding has been identified by 
geophysical investigation in the central part of the basin 
(Campbell, 1970). 


COSTA. Little deformation is attributed to the Eocene 
Orogeny in the Costa, but rapid relative uplift must have 
occurred at least locally to produce the Santa Elena 
Olistostromic Complex (Figure 5). 


Oligocene 


Sedimentation during the Oligocene was restricted to 
Esmeraldas Province in the Costa region, where the Playa Rica 
Formation (Lower Oligocene) and the Pambil Formation 
(Upper Oligocene) are separated by a stratigraphic break. In the 
latest Oligocene an _ eastward transgression caused 
sedimentation in a narrow band along the area of the present- 
day coastline. 


Over the rest of Ecuador, the absence of sediments indicates 
that these areas remained uplifted. In the southern Sierra 
volcanic activity was renewed (Figure 5). Andesitic and 
rhyolitic lavas were erupted to form the Alausi Formation 
while, even further south, andesitic and rhyolitic porphyritic 
lavas, ignimbrites and andesitic tuffs were extruded as the 
Saraguro, Loma Blanca and Chinchillo Formations (Kennerley, 
1973). Radiometric determinations for the Saraguro Formation 
give ages of 21 and 27 Ma. These volcanics attain a thickness 
of up to 2000m near Saraguro. 
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NEOGENE AND QUATERNARY ROCKS 


Miocene 


The early Miocene is marked by a general downwarp in both 
the Oriente and Costa regions, with the exception of the 
Chong6én-Colonche ridge which remained a positive feature 
despite the marine transgression which again affected much of 
the Costa. The Sierra remained a land area, but along its length 
several intermontane basins were formed (Figure 7). Thus, 
sedimentation was widespread during the Miocene. 


ORIENTE. Fluviatile conditions generally prevailed, although 
at times large lakes developed, and these appear to have had 
some communication with the sea because fossiliferous 
intercalations containing brackish-water faunas are present 
locally. The succession consists of purple, red and grey 
argillaceous sandstones, siltstones and clays. A carbonaceous 
zone, rich in pyrite and marcasite, in the lower part of the 
succession contains coals and mollusc-bearing nodular 
claystones (Campbell, 1970). The principal source of sediment 
was the Sierra to the west. Uplift occurred in late Middle 
Miocene times, probably marking the onset of the Andean 
Event, leading to the deposition of coarser clastic sediments, 
generally poorly sorted and including conglomerates, 
carbonaceous sandstones and clays. A large number of 
formations of uncertain extent, including the Pastaza, Chalcana, 
Arajyuno and Chambira Formations make up the succession, 
which attains a thickness of up to 3000m (Tschopp, 1953). The 
precise age of the succession is uncertain, but charophytes, 
ostracods, arenaceous foraminifera and _ brackish-water 
molluscs indicate a Miocene age (Bristow and Hoffstetter, 
1977). 


COSTA. Three basins can be recognised: the Progreso, Manabi 
and Esmeraldas, the first two being separated by the Chong6én- 
Colonche ridge (Figure 7). Although the sequences in the three 
basins are similar overall it is not easy to make detailed 
correlations from one to another. 


In the Progreso Basin the Lower-Middle Miocene Tosagua 
Formation commences with conglomerates and sandstones of 
the Zapotal Member (Bristow, 1975a), representing a shoreline 
facies. This passes upwards and laterally into the Dos Bocas 
Member, which in turn is overlain by a series of diatomaceous 
shales and tuffaceous argillites, the Villingota Member. In the 
Manabi Basin the Zapotal Member is absent; the Dos Bocas 
Member consists of a 3000m succession of clays which 
accumulated in a deep to shallow neritic environment. Locally 
the Villingota Member occurs at the top of the Tosagua 
Formation. The Lower-Middle Miocene of the Esmeraldas 
Basin is represented by the Viche Formation. 


Figure 7 Outcrop of the Miocene rocks, and the 
development of downwarping and marine and 
intermontane basins 


Then followed a widespread discontinuity throughout much of 
the Costa, marked by erosion and lack of sedimentation, 
indicating a temporary withdrawal of the sea until the Middle 
Miocene transgression. In the Progreso Basin sandstones, 
siltstones, claystones and shales, comprising the Progreso 
Formation, were then deposited. Conglomerates and coquina 
beds with Ostrea, Pecten and Turritella are present locally and 
both tuffaceous and bentonitic shales occur. Algal limestones 
(Bellavista) are present, indicating warm  shallow-marine 
waters. The Progreso Formation ranges from 1000 to 2000m in 
thickness and is followed by a further stratigraphic break. In the 
Manabi Basin the Middle Miocene transgression led to the 
accumulation of up to 1000m of sandstones, siltstones and 
shales, all of which are in part tuffaceous. These sediments 
constitute the Daule Group (Middle Miocene-Lower Pliocene), 
which is subdivided into three Formations: the basal Angostura 
Formation, a local shoreline facies to the overlying Onzole 
Formation, which contains, in addition, limestone beds and 
locally exhibits a sublittoral facies; finally, the Borb6én 
Formation is dominantly a medium- to coarse-grained, well- 
bedded sandstone. The Daule Group is also recognised in the 
Esmeraldas Basin. 
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SIERRA. Several freshwater sedimentary basins existed in the 
Sierra region during Miocene times. They are, from north to 
south, the Chota, Sibambe, Cuenca, Nabon, Loja, Rio Playas 
and Malacatos basins (Figure 7). The largest of these is the 
Cuenca Basin. 


Sediments are usually predominant in these freshwater basins. 
Locally, however, the first deposits were pyroclastic; for 
example, in the Malacatos Basin some 1500m of andesitic 
agglomerates and tuffs continued to accumulate as part of the 
Loma Blanca Formation. However, in the Loja Basin andesitic 
agglomerates and lavas of the Loma Blanca Formation are only 
200m thick. An andesite dyke in the contemporaneous 
Saraguro Formation is dated at 19.5 Ma and an overlying 
andesite porphyry at 14.2 Ma (Table 3), indicating that 
intermittent igneous activity continued through Miocene times. 


The Cuenca Basin (Bristow, 1973) began as a freshwater 
sedimentary basin with the deposition of conglomerates, 
tuffaceous sandstones and shales, generally reddish in colour, 
of the Biblian Formation. In the upper part of the Biblian there 
are pyroclastics and lavas, the latter giving radiometric dates of 
21.0 and 19.8 Ma. A shale sequence is represented by the 
Loyola and Guapan Formations, respectively; bentonite is 
recorded in the Guapan Formation. Locally there is a 
fossiliferous basal conglomerate to the Loyola Formation on 
the east side of the basin. Nearly all the sandstones are 
tuffaceous. Gypsum is common as veins in the shales. The 
conglomerates contain fragments of Cretaceous sediments and 
lava from the surrounding area. Swamp conditions developed 
to give several coal seams interstratified with sandstones and 
shales in the Mangan Formation. The maximum total thickness 
of strata found in the center of the basin, is about 3000m. 


In the Nabon, Loja and Malacatos basins lacustrine conditions 
prevailed; clastic sediments ranging from shales to 
conglomerates were deposited, together with _ tuffs, 
diatomaceous beds, lignite and some calcareous beds. These 
constitute the Trigal and San Cayetano Formations (Loja and 
Malacatos basins). The total thickness in each basin is about 
800m. 


The age of these freshwater deposits, as deduce by earlier 
workers, ranged throughout the Tertiary. However, a late 
Miocene age was suggested by Berry (1929, 1945) in the Loja 
Basin and established by Kennerley (1973). Bristow (1973 p.7) 
has confirmed the Miocene age of the deposits of the Cuenca 
Basin. Slight vertical movements during the Mio-Pliocene, 
heralding the Andean Event, brought about a coarsening in the 
clastic sediments to give conglomerates of the Santa Rosa 
(Cuenca) and Quillollaco (Loja and Malacatos) Formations, all 
of which rest with slight unconformity on the earlier Miocene 
formations. 


Andean Event 


Movements during the late Miocene and early Pliocene are 
attributed to the Andean Event and account for the major uplift 
of the Sierra region and the general distribution of high and low 
ground in present-day Ecuador (Figure 8). 


76° 


COLOMBIA 


=> 


= 


ANDEAN EVENT (EARLY PLIOCENE) 


Boundary of area affected by uplift 
PLIO-QUATERNARY 


1} 1111 Probable extent of ‘basins’ 
tUUUNNIIII Outcrop sediments 
Vy¥ Outcrop volcanics (+sediments) 
e Principal volcanoes 
*—_ Derivation of sediments 
====> Marine regression 
50 100 150km 


76° 





Andes 


Sub-Andean 


Zone Amazon Basin 










UPLIFT 


Figure 8 Outcrop of the Pliocene-Quaternary rocks, and 
principal features of the Andean (early Pliocene) Event. 


ORIENTE. Along the western flank of the Oriente Basin (Sub- 
Andean region) the Andean Event produced deformation by 
folding and faulting. The Cutucu and Napo anticlines were 
formed, with accompanying slight uplift; some of the 
compression was absorbed by high-angle, westward-dipping, 
reverse faulting as the Sierra rose relative to the Oriente. The 
centre of the basin subsided to form a deep structural 
depression, while in the east movement was probably limited 
to adjustment between existing fault blocks (Campbell, 19770). 


SIERRA. In the southern Sierra region the sediments in the 
Miocene basins were strongly folded on north-south and north- 
east to south-west axes, resulting in steep to vertical dips and 
some overturning of strata to the west in the Cuenca and Loja 
basins. 


Differential vertical movement on high-angle reverse faults 
appears to have produced some of the folding and the 
accompanying horizontal crustal shortening. In the Malacatos 
Basin the Miocene sediments occur in an asymmetrical 
syncline with gentle easterly dips on the west flank but very 
steep to overturned dips close to the high-angle reverse fault 
limiting the basin along the eastern margin. 
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An allochthonous unit of gently easterly-dipping, slightly 
metamorphosed calcareous rocks lying unconformably upon 
steeply-dipping schist and gneisses of the Paute Series forms 
the peak of Cerro Hermoso north-west of Puyo (Sauer, 1965). 
A mylonite at the base suggests that this contact is a plane of 
dislocation on which the calcareous unit may have moved into 
place. The allochthonous rocks have been correlated on 
lithological grounds with the Cretaceous Napo Formation of the 
Oriente region. It is not known from where the allochthonous 
unit came; it is at present higher than any other known 
occurrence of the Napo Formation and to have come from the 
east by glide tectonics the topographic gradient would have had 
to have been in the opposite direction. Thrusting is an unlikely 
alternative because all the thrusting in the vicinity is also in the 
opposite direction. 


COSTA. In the Costa region very gentle folding on north-south 
and north-east to south-west axes occurred and the axis of the 
depositional basin moved eastwards to coincide with the 
present-day Guayas river basin. 


Pliocene and Quaternary 


The three physiographic units of the Costa, Sierra and Oriente 
were well defined from the Pliocene onwards. Whereas 
sedimentary basins continued in existence in the Oriente and 
Coastal (marine) regions and locally in the Sierra, the Sierra in 
general and the Chong6n-Colonche ridge remained land areas 
(Figure 8). 


ORIENTE. Campbell (1970) describes a sequence of post- 
orogenic sediments being deposited in the Oriente Basin during 
the Pliocene and Quaternary. In general, they consist of sands 
and gravels, commonly highly tuffaceous, which were partly 
deposited as piedmont fans along the eastern front of the Andes 
to form the Mesa Formation in the north and the Rotuno 
Formation in the south. Overlying these Formations are river 
terraces and thick alluvial deposits which cover extensive areas 
in the basin (Figure 8). 


COSTA. In the Progreso Basin the Pliocene consists of clays, 
sands and intercalated conglomerates of the Puna Formation. 
Sandy clays, coarse sands, locally very fossiliferous, gravels 
and tuffs, up to 500m thick and apparently deposited in 
nearshore (shallow-marine to continental) conditions, make up 
the Canoa and Balzar Formations of the Manabi Basin. 


In the Esmeraldas Basin there was no break in sedimentation, 
and deposition of the Miocene Onzole and Borb6n Formations 
continued into the Pliocene. 


During the Pleistocene calcareous sandstones and fine 
conglomerates with abundant marine molluscs were deposited 
as the Tablazo Formation in the present coastal region. The 
Formation occurs at different levels above sea level and it was 
originally thought (Sheppard, 1937) to represent a sequence of 
terraces. Marchant (1961) has since attributed the different 
levels to faulting. The deposits have a maximum thickness of 
75m. 


Along the western front of the Andes sands and gravels were 
deposited as piedmont fans. Finer material filled the Guayas 
Basin to the west with as much as 1000m of sediment. The 
present rivers, especially between 0°30’ and 1°30’S, have cut 
down 20m or so into an alluvial terrace dated by radiocarbon 
(4C) at 26147 years BP (Upper Pleistocene). In much of the 
same area the terrace is covered by 2-3m of volcanic ash. 


SIERRA. During the Plio-Pleistocene a great volume of 
material was deposited in the Sierra region (Figure 8), with 
complex interrelationships between volcanic, sedimentary and 
glacial material. The sequence of deposits is difficult to 
establish because of the paucity of palaeontological evidence 
and absolute age data. 


In the south, coarse clastic sediments ranging from 
conglomerates to siltstones intercalated with volcanic, mainly 
pyroclastic, material were deposited in_ the isolated 
intermontane basins during the Pleistocene: the Tun Formation 
in the Cuenca Basin and the Uchucay Formation in the Santa 
Isabel area to the south-west. 


In the Pleistocene abundant rhyolitic ash-flow tuffs and rhyolite 
porphyries were erupted; these now constitute the very 
extensive sheet-like body of the Tarqui Formation around 
Cuenca. Ignimbrite is also recorded: the source is not known, 
but it may have been erupted from a series of fissures, in 
contrast to the central type activity to the north. Radiocarbon 
(14C) determinations and wood found in the Tarqui Formation 
gave ages of 34000 and 24900 years BP (Table 4), although 
some doubt exists as to whether these are reliable. 


In the north the Pliocene is represented by an extensive sheet of 
andesitic pyroclastics and lavas of the Pisayambo Formation, 
which apparently originated from a series of fissure eruptions. 
The Pisayambo Formation formed a platform on which great 
numbers of strato-volcanoes were built during the Pleistocene, 
but not before the Pisayambo was warped (even locally 
folded?), fractured and displaced by block faulting. 


As the Andean uplift reached its peak, tension across the 
resulting domal structure caused normal faulting parallel to the 
Andean trend. The axial part of the dome was down-faulted to 
form the main Inter-Andean Depression in the northern Sierra 
region (Figure 8). The faulting along the sides of the depression 
is not simple, but consists of a series of en échelon faults with 
varying magnitudes of throw (Kennerley, 1971). Much of the 
marginal faulting is in fact obscured by Pleistocene volcanoes 
and evidently provided routes for the extrusion of much of the 
volcanic material. The Inter-Andean Depression extends from 
the Colombian border in the north to as far south as Alausi 
(2°S), a distance of 300km, and has an average width of only 
about 20km. 


During the Pleistocene more than twenty principal 
stratovolcanoes were formed (Figure 8), but not all were active 
over the same period. In general, they are located along three 
lineaments: along the eastern flank of the Cordillera Occidental 
(Cotacachi, Pichincha, Atacazo, Corazon, Illiniza, Sagoatoa, 
Carihuairazo and Chimborazo); along the Cordillera Real 
(Cayambe, Antisana, Sincholagua, Cotopaxi, Quilindafa, 
Tungurahua, Altar and Sangay); and along the Inter-Andean 
Depression (Imbabura, Mojanda, [lal6, Pasochoa, Ruminahui 
and Igualata). Finally, Reventador and Sumaco lie well east of 
the Cordillera Real and are built upon Cretaceous sediments. 
Some of the volcanoes, such as Quilindafa and Cotacachi, are 
now in advanced stages of denudation, whereas the active 
volcanoes Sangay, Reventador, Cotopaxi and Tungurahua 
display almost perfect volcanic cones rising from 2000m to 
3500m above their bases. 
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Table 4 Radiocarbon ('*C) dates for Quaternary sediments from Ecuador 























Sample number —_ Laboratory number Material Formation 52°C %° Age (years BP x 10°) 
ha IGS.126 Wood Cangagua -24.4 >48 
27 - Charred Wood Tarqui - 34.3419 
a* IGS.143 Gastropod Shell Tablazo +2.4 >32.87 
ae IGS.238 Woody Terrace material -28.7 26.147 +1.21 
fragments -1.05 
1¢ J.139 Charcoal Tarqui - 24.9 + 1.2 
6* IGS.169 Lignite Terrace material -25.9 6.753 + 0.060 
4* IGS.125 Wood Lake sediment -26.7 6.466 + 0.055 
8§ SI.2128 Charred wood Base surge deposit - 2.305 + 0.065 


0° 15’ 17°°S, 78° 27’ 27°? W 

2° 48’ S, 78° 50’ W 

0° 56’ S, 80° 39’ W 

1° 05’ S, 79° 277 W 

3° 11’ S, 78° 49° W 

0° 00’ 33’’S, 78° 26’ 33’? W 

0° 14’ 03°’S, 78° 32’ 41°? W 

0° 03’ N, 78° 27°W 

* Analysis by Dr D. D. Harkness, Scottish Universities Research 
and Reactor Centre, East Kilbride, Glasgow 

+ Analysis quoted from U.N.D.P. Tech. Rep., No. 12 (1972) 
tAnalysis from Westwood Laboratories, New Jersey, USA 

§ Analysis by R. Stickenrath, Smithsonian Institution, Washington, 
D.C. 
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Chemically the lavas are generally andesites and basaltic 
andesites (Table 2, Nos. 4-17). Recent flows from Tungurahua 
are melanocratic and, although sometimes containing olivine 
phenocrysts, the silica content shows that they too are basaltic 
andesites. Cuicocha, Pululagua and Quilotoa are calderas 
formed at a late stage of their volcanic activity and are 
associated with extensive pumice ash-flow deposits; Mojanda 
also has a large caldera. Sumaco is unique among the volcanoes 
of Ecuador because of its alkali-rich, feldspathoidal lavas 
(Colony and Sinclair, 1928; Table 2, No. 17). 


Lavas of the 1760 eruption of Antisanillo (Antisana) included 
both olivine- and quartz-basalts (Hall, — personal 
communication). East of Quito lava flows containing obsidian 
have been recorded. 


As new volcanoes were growing, older ones were being eroded, 
aided by glacial activity. The denudation products were 
deposited in the surrounding depressions principally the Inter- 
Andean Depression, generally by mud flows but sometimes 
under lacustrine conditions. Interstratified volcanic material, 
some of aeolian origin, is widespread. The thickness of these 
tuffs and sediments is not known, but up to 500m is estimated. 
Bouldery mud-flow deposits exist in the Cordillera Occidental 
from the latitude of Latacunga to the Colombian border in the 
north. They have filled in pre-existing valleys to a depth of up 
to 200m, have planar, gently dipping upper surfaces and are 
nearly all dissected to the original valley bottoms. The dissected 
volcanic centre of Almas Santas, north of Quilotoa, produced 
particularly voluminous bouldery mud-flows. The vast 
accumulation of so much rapidly deposited material would 
have required immense quantities of water to be released in a 
short period of time; in some cases, the deposits may have been 
formed during the eruption of volcanoes bearing substantial 
Pleistocene ice caps. 


from Pululagua 


A recent buff-coloured, volcanic ash (Cangagua), probably 
derived mainly from Cotopaxi and Pichincha, covers much of 
the northern Sierra with a deposit locally as much as 80m thick. 
Radiocarbon ('4C) dating indicates an age ranging from more 
than 48000 years to around 6500 years BP (Table 4). Finally, 
aeolian tephra from Cotopaxi forms mantling deposits up to 6m 
thick between Quito and Latacunga. 


PLUTONISM 


Plutonic activity in Ecuador occurred in three distinct zones: 
the Sierra, the Sub-Andean zone and the Costa in that order of 
importance; a slight northward decrease in the size and 
abundance of intrusive bodies is also evident. Approximately 
sixty individual granitic plutons are recorded on the 1969 
edition of the 1:1000000 Mapa Geoldgico del Ecuador. Only 
three, which are large fault-bounded batholiths, occur in the 
Sub-Andean zone, and only one in the Costa. All the others 
occur in the Sierra and are generally intruded into the 
Cretaceous volcanics of the Macuchi and Celica Formations of 
the Cordillera Occidental, although in the south the 
metamorphic rocks of the Zamora and Paute series are also 
intruded by granitic plutons, which include some of the oldest 
dated (Figure 6). 


In the Sub-Andean thrust belt, which separates the Oriente from 
the Sierra proper, the three, major intrusions are, from south to 
north, the Zamora, Abitagua and Cuchilla batholiths, which are 
all shown as having faulted contacts with surrounding rocks. 
The best known is the Abitagua (crossed by the Bafios-Puyo 
road), which consists of a coarse-grained pink granite. 
Radiometric dating by the K/Ar method gave a minimum age 
of 87.2 + 7 Ma (on biotite) for this granite (Table 3; Figure 6, 
sample No. 35), but a three-point Rb/Sr whole-rock isochron 
by workers at the University of Texas, Dallas, indicated an age 
of 173 Ma. This older date may reflect the age of original 
cooling (intrusion), while the younger (K/Ar) result might be 
due to resetting during a later metamorphic episode, prior to 
emplacement by (thrust?) faulting. 


Outcrops of plutonic rocks in the Sierra vary in size from the 
Tangula Batholith which extends over an area of 700km? to 
small intrusions of less than 1km?. The plutons range in 
composition from diorite to adamellite, but granodiorite and 
quartz-diorite are by far the most abundant types. There is a rare 
peridotite near Zozoranga in the south. 
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Radiometric dating indicates that plutonic activity occurred 
from the Jurassic to the Miocene. A granodiorite south of Loja 
dated at 180 Ma (Table 3; and Figure 6, sample No. 32) and a 
biotite-granite east of Saraguro 40km north of Loja (sample No. 
16) dated at 173 Ma evidently intruded the Zamora Series of 
the Cordillera Real in the Jurassic. The surrounding 
metamorphics give younger ages (52-81 Ma) and it is therefore 
assumed that the apparent ages of the metamorphics are the 
results of resetting by later events. These minimum ages, 
together with the Rb/Sr date of probable intrusion of the 
Abitagua granite, suggest that a distinct and significant episode 
of Jurassic plutonism occurred in the region of the present 
Cordillera Real and the Sub-Andean zone, at least in southern 
and central Ecuador. 


The Tangula Batholith, which intrudes the Celica Formation in 
southern Ecuador, ranges in composition from diorite through 
tonalite to granodiorite and adamellite. Monzonite and granite 
have been recorded locally; diorite is also usually a marginal 
facies, but tonalite and granodiorite make up about 75 per cent 
of the whole body. It is a large, complex intrusive, displaying a 
variety of cross-cutting relationships, with numerous dykes and 
sills. Minimum ages range from 114 Ma on homblende 
(preferred age) to 49 Ma on biotite (sample Nos. 9 and 13). The 
preferred date gives a minimum age for at least the lower part 
of the Celica Formation and suggests that long before the 
cessation of volcanic activity (in the ?Senonian) the Formation 
was being intruded by granite bodies. A pluton which includes 
both hornblendite, giving a minimum age of 85 Ma (sample No. 
33), and diorite with an age of 75 Ma (sample No.34) is 
intruded into the metamorphics of the Cordillera Real south- 
east of Riobamba. Potash-feldspar from the same diorite 
sample gives an age of 54 Ma. One interpretation of these dates 
suggests that two events may have affected the metamorphics 
(and plutonics) of this part of the Cordillera Real: at 72-82 Ma 
and around 52 Ma, the latter perhaps corresponding to the 
Eocene Orogeny. Plutonic activity apparently also continued 
from the latest Cretaceous through the Palaeocene and Eocene. 
The San Lucas pluton, north of Loja, gives minimum ages of 
70 and 63 Ma (sample Nos. 15, 14). It is very similar in 
composition to the Tangula Batholith, consisting mainly of 
tonalite/granodiorite with marginal diorite, and is intruded into 
the Paute Metamorphic Series which is considered to be of 
Cretaceous age (see p.10). The El Tingo granodiorite is dated 
at SO Ma (sample No. 12) and was intruded into the Sacapalca 
Formation. The Amaluza granodiorite in Azuay Province, 
dated at 49 Ma (sample No. 17), intrudes the Paute Series north- 
east of Cuenca. The El Tingo and Amaluza diorites thus appear 
to be synchronous with the Eocene Orogeny, although the last 
date might be interpreted as representing a resetting during 
Eocene metamorphism rather than the age of intrusion. 


Further plutonism at the end of the Oligocene is suggested by 
the minimum age of 29 Ma (sample No. 26) on the Amaluza 
granite batholith, which also intrudes the Sacapalca Formation 
in southernmost Ecuador. Some plutonic activity coincided 
with the main Andean Event, but radiometric evidence is 
available only from the Las Guardias quartz-diorite, west of 
Riobamba, which is dated at 19.8 Ma (sample No. 36), and 
from the Chaucha granodiorite, west of Cuenca, which gives 
minimum ages of 12.8 Ma and 9.8 Ma (sample Nos. 1, 10). 


The only known pluton in the Costa, the Pascuales tonalite, is 
intruded into the Pifion Formation (Cretaceous and Jurassic) 
at the eastern end of the Cordillera Chongén-Colonche. It has 
been dated as Miocene (12.5 Ma), (Snelling, 1970). 


The plutons, apart from the Tangula Batholith and the San 
Lucas body, appear to be one-stage events representing 
spasmodic pulses of plutonic activity throughout Mesozoic and 
Cenozoic times. There seems to be only a limited relationship 
between plutonic activity and ‘orogenic’ events, except perhaps 
during the Eocene Orogeny. 


There is, however, a possible general trend in the overall timing 
of plutonism in Ecuador: plutonic activity in the Jurassic is 
apparently confined to the east, that is to the Sub-Andean zone 
and the (southern) Cordillera Real. Intrusives in the high Sierra 
evidently range in age from Cretaceous to Lower Tertiary 
(Palaeogene). Only on the western flank of the Cordillera 
Occidental (e.g., Las Guardias) and in the sub-coastal zone 
(e.g., Chaucha) and at Pascuales is there evidence of late 
Tertiary (Miocene) plutonism. A gradual westward migration 
of the axis of plutonic activity is suggested. This contrasts with 
the more clearly defined pattern to the south, in Pert, where the 
eastern zone of intrusives (e.g., Cordillera Blanca Batholith) is 
younger than the complex Coastal Batholith (Cobbing and 
others, in press). It is suggested that the difference might 
perhaps be connected with a possible change in character of the 
subductive plate margin, probably at the latitude of the 
Huancabamba Deflection, and with the development of the 
Cretaceous to Tertiary oceanic arc along the Ecuadorian sector 
of the Andean belt. 
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